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WEULBORE CASING 
Cross Reference To Related ^plications 

This application claims the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 60/1 1 1,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are fonned using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are 

5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is driUed in inteiyals whereby a casing 
which is to be installed in a lower borehole intend is lowered through a previously 
instaUed casing of an upper borehole inteival. As a consequence of this procedure 

10 the casing of the lower interval isof smaller diameter than the casing of the upper 
internal. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between.the 
outer surfaces of the casings and the borehole waU to seal the casings from the 
borehole waU. As a consequence of this nested arrangement a relatively large 

15 borehole diameter is required at the upper part of the weUbore. Such a large 
borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and driU cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 

20 diameters drilled in the course of the weH, and the large volume of cuttings drilled 
and removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for fonning new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel. 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
5 boreholeadjacenttothealreadyexistingcasing. Atubularlinerandamandrelare 
thenplaced into the newsecUon of the borehole with the tubular lineroverlapping 
an already existing casing. Ahardenable fluidic sealing material is injected into an 
annular region between the tubular liner and the new section of the borehole. The 
annular region between the tubular liner and the new section of the borehole is 
10 then fluidicly isolated from an interior region of the tubular liner below the 
mandrel. A non hardenable fluidic material is then injected into the interior region 
of the tubular liner below the mandrel. The tubular liner is extmded off of the 
mandrel. The overiap between the tubular Uner and the already existing casing is 
sealed. The tubular liner is supported by overiap with the already existing casing. 
1 5 The mandrel is removed from the borehole. The integrity of the seal of the overlap 
between the tubular liner and the already existing casing is tested. At least a 
portion of the second quantity of the hardenable fluidic sealing material is 
removedfromtheinteriorof the tubularDner. The remaining portions of the fluidic 
hardenable fluidic sealing material are cured. At least a portion of cured fluidic 
20 hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that Includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandrel. The shoe is 
coupled to the tubular liner and includes a third fluid passage. The first, second 
and third fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealir^ member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control vah^e coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member Is coupled to the mandrel and includes one or more sealii^ 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 

5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes posiUoning a mandrel within an interior region 

10 of the second tubular member. A portion of an interior region of the second 
tubular member is pressurized and the second tubular member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 

15 at an end portion of the annular member, and one or more pressure relief 
passages at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided thatincludesatubularliner and anannularbodyofacuredfluidicsealing 

material. The tubular liner is fomied by the process of extnidir^ the tubular liner 

20 off of a mandrel. 

According to another aspect of the present invention, a lie-back liner for 
lining an existing wellbore casing is provided that includes a tubular liner and an 
annular body of cured fluidic seaUng material. The tubular liner is formed by the 
process of extmding the tubular Uner off of a mandrel. The annular body of a 

25 cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operably coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is driUable. 
The tubular member iscoupled to the mandrel. The shoe is coupled to the tubular 
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member. The shoe includes a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 

the.shoe.isjd[rillabIe.._. _ _ 

Brief Description of the Drawings 
5 FIG. 1 is a fragmentaiy cross-sectional view iDustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injecUon of a first 

quantity of a hardenable fluidic sealing material into the new section of the well 
borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of a 
20 portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a prefened embodiment of an 
apparatus for fonning a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional Illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-secUonal illustration of the apparatus of FIG. 9. 
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FIG. lOa is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creatimi a lie-back liner using an expandible tubular member. 
5 FIG. 1 Oc is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior of 
the tubular member below the mandrel. 
10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. I Of is a cross-sectional illustration of the tie-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member. 

FIG. 11 a is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. 1 lb is a frz^mentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner v/ithin the new section 
20 of the well borehole. 

FIG. 11c is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 1 Id is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. 1 le is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 1 1 f is a fragmentary cross-sectional view illustrating the completion of 
30 the tubular liner. 



Detailed Description of the Illustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean fomiation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean foimaUon by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 

tubular memberoff of themandrelbypressurizinganinteriorportionofthe tubular 
member. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and or 
gas passage. The apparatus and method further permits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. TTie apparatus and 
method further minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for fonning a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method penruts a tie-back 
liner to be created by extmding a tubular member off of amandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and meUiod further pennits adjacent tubular members 
in the wellbore to be joined using an overiapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further pemiits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
peniiit the interior portions to be removed using a conventional driUing apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and metiiod for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method pennif a tubular liner to be 
attached to an existing section of casing. The apparatus and metiiod further have 
application to the joining of tubular members in general. 
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Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Fig. 1 , a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 1 1 0 havdng a 
5 tubular casing 1 1 5 and an annular outer layer of cement 1 20. 

In order to extend the wellbore 100 into the subterranean formation 105, a 
drill string 125 is used in a well known manner to drill out material from the 
subtenanean formation 105 to form a new section 130. 

As illustrated in Fig, 2, an apparatus 200 for forming a wellbore casing in a 
1 0 subterranean formation is then positioned in the new section 1 30 of the wellbore 
100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular member 2 1 0, a shoe 2 1 5, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a fluid passage 240, seals 245, and a support 
member 250. 

1 5 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional conunercially available expandable mandrels modified 
in accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool 
as disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 2 1 0 is supported by the expandable mandrel 205. The 
25 tubular member 2 10 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example. 
Oilfield Country Tubular Goods (OCTG). 13 chromium steel tubing/casing, or 
plastic tubing/casing. In a prefenred embodiment, the tubular member 210 is 
30 fabricated from OCTG in order to maximize strength after expansion. The irmer 
and outer diameters of the tubular member 210 may rar^e. for example, from 
approximately 0.75 to 47 inches and 1 .05 to 48 inches, respectively- In a prefenred 
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embodiment, the inner and outer diameters of the tubular member 2 1 0 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 1 0 

Is slotted, perforated, or otherwise nriodified to catch or slow down the mandrel 
205 when it completes the extrusion of tubular member 210. In a prefened 
embodiment, the length of the tubular member 210 is limited to nninimize the 
possibility of buckling. For typical tubular member 210 materials, the length of the 
10 tubular member 210 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
1 5 example, Super Seal 11 float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
v^'th a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachings of the present disclosure, in order to optimally 
guide the tubular member210 in the wellbore, optimally provide an adequate seal 
l>etween the interior and exterior diameters of the overiapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 2 1 5 and tubular member 2 1 0. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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The lower cup seal 220 is coupled to and supported by the support member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional conunercially 

5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. 
In a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, 
available from Halfiburton Energy Services in DalIas.TX in order to opUmally block 
foreign material and contain a body of lubricant 

1 0 The upper cup seal 225 is coupled to and supported by the support member 

250. The upper cup seal 225 prevents foreign materials from entering the interior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as. for example, 
TP cups or SIP cups modified in accordance with the teachings of the present 

1 5 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton Energy Services in Dallas. TX in order to optimally 
block the entry of foreign materials and contain a body of lubricant 

The fluid passage 230 pennits fluidic materials to be transported to and from 
the interior region of the tubular member 210 below the expandable mandrel 205. 

20 The fluid passage 230 is coupled to and positioned within the support member 250 
and the expandable mandrel 205. The fluid passage 230 preferably extends from 
a position adjacent to the surface to the bottom of the expandable mandrel 205. 
The fluid passage 230 is preferably positioned along a centeriine of tiie apparatus 
200. 

25 The nuid passage 230 is preferably selected, in the casir^ mnning mode of 

operation, to transport materials such as drilling mud or fonnation fluids at flow 
rates and pressures ranging fromaboutOto 3,000 gallons/minute andOtoS.OOOpsi 
in order to minimize drag onthetubularmember being mn and to minimizesurge 
pressures exerted on the wellborewhichcouldcausealoss of wellbore fluids and 

30 lead to hole collapse. 

The fluid passage 235 pemnts fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 1 00 above the tubular member 2 1 0 
thereby minimizing surge pressures on the wellbore section 1 30. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the cenlerline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into the 
new section 130 of the wellbore 100 and to minimize surge pressures on the new 
1 5 wellbore section 1 30. 

The fluid passage 240 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 2 1 0 and shoe 2 1 5. The fluid passage 240 
is coupled to and positioned within the shoe 2 1 5 in fluidic communication with the 
interior region of the tubular member 2 1 0 below the expandable mandrel 205. The 
20 fluid passage 240 preferably has a cross-sectional shape that permits a plug, or 
other similar device, to be placed in fluid passage 240 to thereby block further 
passage of fluidic materials. In this manner, the interior region of the tubular 
member 2 1 0 below the expandable mandrel 205 can be fluidicly isolated from the 
region exterior to the tubular member 2 1 0, This permits the interior region of the 
25 tubular member 210 below the expandable mandrel 205 to be pressurized. The 
fluid passage 240 is preferably positioned substantially along the centerline of the 
apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 1 30 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a bal) sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are fiirtherposltioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 1 15 and the portion 
260 of the tubular member 2 1 0 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commercially available seals such as, for example, 

1 0 lead, mbber, Teflon, or epoxy seals modified in accordance with the teachings of 
the present disclosure. In a prefened embodiment, the seals 245 are molded from 
Stratalock epo:Q^ available from Halliburton Ener^ Services in Dallas, TX in order 
to optimally provide a load bearing interference fit between the end 260 of^the 
tubular member 210 and the end 270 of the existir^ casing 1 1 5. 

15 In a preferred embodiment, the seals 245 are selected to opUmally provide 

a sufficient frictional force to support the expanded hibular member 2 1 0 from the 
existing casing 115. In a prefened embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tid^ular member 210. 

20 The supportmember250 is coupled to the expandable mandrel 205, tubular 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
^paratus 200 into the new section 130 of the wellbore 100. In a prefenred 
embodiment, the support member 250 further includes one or more conventional 

25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
aruiular region above the e^qpandable mandrel 205 within the interior of the tubular 
member 210. In this manner, the extrusion of the tubular member 210 off of the 
expandable mandrel 205 is fadDtated. The lubricant 275 may comprise any 

30 number of conventional commercially available lubricants such as, for example, 
Lubriplatej chlorine based lubricants, oil based lubricants or Climax 1 500 Antisieze 
(3100). In a prefened embodiment, the lubricant 275 comprises Cnirnax 1500 
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Anlisieze (3 1 00) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to faciliale the expansion 
process. 

in a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages 
and valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
1 0 within the new section 1 30 of the wellbore 1 00, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material Interferes with the expansion 
process. 

1 5 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubularmember 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 3 1 5 
between the exterior of the tubular member 210 and the interior wall of the new 
section 130 of the wellbore 100. Continued pumping of the material 305 causes 
the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped. The optimum flow rate and operating pressure are preferably 

30 determined using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealiiM; materials such as, 



.12- 



,or example, slag mix, cen.e„. or epoxy. .n a pre/eted embod,me... tt,e 
hardenab,e Hui* seaB^ .nalerial 305 comprises a blended cemen, prepaid 

specifcally for me par^cla, weU sec«on bei.^ dHUed from HaBbunon^rsv 
services inDanas,TX,no,der.op,ovideop«ma.suppo,,forU*u,armenrt«r2^ 

5 whi.ealsoma,„.a*gopumumf.owch»ac,eris«essoas.omir>lm^d*^^^ 
au,i„gmedisp,acemen.o.cemer«in.heannu.arreg,on3>5.Tbeop™.umb,e^ 

of me blerKled cemen, : preferably de.em.ined using com^nttonal emp».cal 
"'^annular,egion3,5preferabl,isr,Uedwimmema.eriai305insufHc.en. 

,0 quanaues .o ensure ma. upon radial expansion of .he .ubuiar member 2,0, ,he 
lu.arregion3.5cfmen.wsec«on,30ofmewelibore,00wi.bemiedw,m 

material 305. 

,„ a parttcularly p.efened embodimen.. as iUustrared .n F.g. 3a, me vvall 
mick„essand/or.heou.erd^.ero,me.ubularmember210isredueedi„me 

,5 region adjacent .o me ma«lrel 205 In order opUmally pem* pUcement of me 
appara.us 200 in posidonstamev^Uborewim dgh. clearances, Furmermore .n 
,his manner, me Initeto. of me radial expansion of me «^ular member 2,0 
during me exWision process is optimally fadWated. 

AS Ulus.ra.ed in Fig. 4. once .he annuto region 315 has been adequatefc, 

20 fined wim ma.e™i 305. a plug 405, or ome, similar devtee, U in^oduced imo me 
„uK,passage240.hereby.Mdic^iso.aH,^«.«'n.eHorreg.on3.0rrommeanr^ 

region 3,5. In a prefen«, embodimen, a non-hardenabte fluldic ma.ena, 306 .s 
».en pumped in.o me in.ertor region 310 causing me in.e.ior region .0 pressunze. 
^m.manner.mein«HorofU.eexpanded.ubularmember2,0wmno.conUm 

25 signlBcan.amouWsofcu,edma.erlal305. T„is reduces and simplifies. he c«. of 
meentireprocess. A»ema«vely. me maledal 305 ma, be used during mis phase 

oTe mein.enor,e8lon310 becomes sufficienUy pressurized, me tubular 
member2,OlsexWdedoirofmeexpa«dablemandrel205.Duringmeex.msion 

30 process, me expandable mandrel 205 may be raised ou. of me «p^d poroon 
of me mbuia, member 2,0. In a preferred embodlmem. during me exUus.ori 
process, .he mandrel205israiseda,appmxtaa,ely me samerateasmetubutar 
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member 210 is expanded in order to keep the tubular member 210 stationar>' 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned 
above the bottom of the new wellbore section 130, keeping the mandrel 205 
5 stationary, and allowing the tubular member 2 1 0 to extrude off of the mandrel 205 
and fall down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicfy isolate the hardenable fluidic 

1 0 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from plugging a fluid passage such as, for example, Multiple 
Stage Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper 
latch-down plug modified in accordance with the teachings of the present 

1 5 disclosure. In a preferred embodiment, the plug 405 comprises a MSG latch-down 
plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is i»eferably pumped into the Interior region 310 at pressures 
and flow rates raiding, for example, from approximately 400 to 1 0,000 psi and 30 

20 to 4,000 gallons/min. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimized. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 3 10 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 3,000 gallons/min in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 2 10 and 

30 expansion mandrel 205, the inner diameter of the tubular member 2 1 0, the wall 
thickness of the tubular member 210, .the type of lubricant, and the yield strength 
of the tubular member 2 10. In general, the thicker the waU thickness, the smaller 
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*e inner diameter, and U.e greater me yield strength of the tubular nrember 210, 
l™!,r«.ermeopera.ir.pre.u,e,re,uiredtoe,.,udeme.ubt.la.men,ter 

21 0 off of the mandrel 205. 

For typical tubular members 210. the extrusion of the tubularnrember 2 1 0 
5 off of the expandable mandreiwm begin when the pressure of the Interior regron 
310 reaches for example, approximately 500 to 9.000 psi. 

Utheex.™sionprccess,.heexpa„dab.m=™uel205maybe-a^^^ 

out of the expanded portion o, the tubular member 210 at rates rang,* ^ 
Ilple Z about 0 to 5 ft/sec. ,n a preferred embodiment, dunng *e 
,0 :Zo:p.ocess,theexpandablemandrel20S.s,ai.do.to^ 

p-^-'-^-n^reatpreLr:: — 

to minimize the time required for the expansionp 

control of the expansion process. ^^ff^fthe 
Whe„,heendpo,,ion260ofthetubularmember2IO,sex.nrdedoffo*^ 

,5 expandable mandrel 205. .he outer surface 265 of the e«. pcrtron 2» of O^e 
1^ member 2.0 .»l preferab. contact .he ..e-or surface . 0 . ^ » 
por..on270of.he casing „5tofom.a„.MdUghto«dapp.ng,o,nt Tbec^ac, 
^essure of the oveHapplr^lointmayrange, for example, .romapprox,m^.e^ 50 

r2oT^ps.lnaprefe,.edembodimen,.hecontactpressu,eof««ove.app»,g 

20 « l^s from appn.xima.ely 400 to .0.000 psi in order to provide 

" c J . he annular se.U. members 245 and op^ma^P-ae 

LTrcetoaxlalmoUontoaccommodatetyplcaltensUeandcompressr^loads. 

T.«o,e.1appingioin.between*esecUon410oftheexisUngcaslngll5and 
.,e secuon 265 of me expanded tubular member 2,0 preferably pr»™i. a 
as «sIL and Wc seal. Ut a particulariy preferred embodiment me 

™^,s245optoallypro,idea«uidicandgaseoussealln..«ovedapp,ng,o,n. 
^'^rZer^deldimen-.theoperatUrgpressureandnowrateofthenon 

,.^e„able,>uidicma.eria.306Ucon.mllabl,rampeddovvnwhenmee^^^^^ 

mandrel 205 reaches me end ponion 260 o, mbular member 210. In m^ 
30 m^aresuddenreleaseofpressurecausedbymecomple.eex.ms.o„o,me 
Z:member2,0oiro,.heexpandab,ema».re.205canbem.™m.^..a 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 1 00% to about 1 0% during the end of the extojsion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extmsion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber adapted for use in weJlbore operations. 
Altemathrely, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the v^ellbore 1 GO. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205» the integrity of the fluidic seal of the 
1 5 overlapping joint betv/een the upper portion 260 of the tubular member 2 1 0 and 
the lower portion 270 of the casing 1 15 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 2 1 0 and the lower portion 270 of the casing 1 1 5 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 
20 2 1 0 is then removed in a conventional manner such as, for example, circulating 
the uncured material out of the interior of the expanded tubular member 2 1 0. The 
mandrel 205 is then pulled out of the wellbore section 1 30 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210, The material 305 within 
25 the annular region 3 1 5 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 5 1 5 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure reUef holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 

5 member 2 1 0 is pressure-tight and the pressure on the interior and exterior surfaces 
of the tubular member 210 is equalized during the extnjsion process. 

In a prefened embodiment, the sealing members 605 are seated within 
recesses 61 5 formed in the outer surface 265 of the upper portion 260 of the tubular 
member2l0, In an alternative prefenred embodiment, the sealing members 605 are 

10 bonded ormoldedonto the outersurface265 of the upperportion 260of the tubular 
member210. The pressure reHefholes 610 are preferably positioned in the last few 
feet of the tubular member 210. TTie pressure relief holes reduce the operating 
pressures required to expand the upper portion 260 of the tubular member 210. 
This reduction in required operating pressure in turn reduces the velocity of the 

15 mandrel 205 upon the completion of the extmsion process. This reduction in 
velocity in turn minimizes the mechanical shock to the entire apparatus 200 upon 
the completion of the extrusion process. 

Refening now to Fig. 7. a particularly preferred embodiment of an apparatus 
700 for fonning a casing within a weUbore preferably includes an expandable 

20 mandrelorpig705.anexpandablemandrelorpigcontainer710,atubularmember 

715. a float shoe 720. a lower cup seal 725, an upper cup seal 730, a fluid passage 
735, a fluid passage 740, asupport member 745, a body of lubricant 750, an overshot 
connection 755, another support member 760, and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 

25 member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 

30 a prefened embodiment, the expandable mandrel 705 comprises a hydrauBc 
expansion tool substantially as disclosed in U.S. Pat. No. 5.348,095, the contents of 
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which are incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 7 1 0 is further coupled to 
5 the expandable mandrel 705. The expandable mandrel container 710 may be 
constnicted from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel container 
710 is fabricated from material having a greater strength than the material from 

10 whichthetubularmember 715 is fabricated. In this manner, the container 7 10 can 
be fabricated from a tubular material having a thinner wall thickness than the 
tubular member 210. This permits the container 710 to pass through tight 
clearances thereby facilitating its placement within the weilbore. 

In a preferred embodiment, once the expansion process begins, and the 

1 5 thicker, lower strength material of the tubular member 7 1 5 is expanded, the outside 
diameter of the tubular member 715 is greater than the outside diameter of the 
container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extmded off of the expandable mandrel 705 substantially as described 
above with reference to Figs. 1 -6. The tubular member 7 1 5 may be fabricated from 
any numl>er of materials such as, for example, Oilfield Country Tubular Goods 
(OCTG), automotive grade steel or plastics. Ina preferred embodiment, the tubular 
member 71 5 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 
annular cross-section. In a particularly preferred embodiment, the tubular member 
715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity of 
the mandrel container 710 and ending with the top section 820 of the tubular 
member 7 1 5. The Intermediate section 8 1 0 of the tubular member 7 1 5 is preferably 



-18- 



defined by the region beginning in the vicinity of the top of the mandrel container 
710 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubularmember715. 

5 inapreferredembodiment.thewallthicknessoftheuppersection805ofthe 

tubular member 715 is greater than the wall thicknesses of the intemiediate and 
lower sections810and815of the tubular member 715in order tooptimallyfaciliate 

the initiation of the extmsion process and optimally permit the apparatus 700 to be 
positioned in locaUons in the wellbore having tight clearances. 
10 The outer diameter and wall thickness of the upper section 805 of the tubular 

member 715 may range, for example, from about 1 .05 to 48 inches and 1/8 to 2 
inches, respectively. In a preferred embodiment, the outer diameter and waU 
thicknessoftheuppersection805ofthetubularmember715mngefromabout3.5 

to 16 inches and 3/8 to 1.5 inches, respectively. 
15 The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 71 5 may range, for example, from about 2.5 to 50 inches and l/l 6 
tol.5 inches. respectively, inaprefen^ embodiment, the outerdiameterand wall 

thickness of the intennediate section 810 of the tubular member 715 range from, 
about 3.5 to 19 inches and 1/8 to 1 .25 inches, respectively. 

20 The outer diameter and wall thickness of the lower section815 of the tubular 

member 71 5 may range, for example, from about 2.5 to 50 inches and 1/16 to 1.25 
inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of tiie lower section 810 of ttie tubular member 715 range fromabout3.5 
to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly prefenred 

25 embodiment.ttiewallthicknessofmelowersection815ofthetubularmember7l5 

is further increased to increase the strengtti of the shoe 720 when drillable materials 
such as. for example, aluminum are used. 

The tubular member 715 preferably, comprises a solid tubular member. In 
apreferred embodiment, tiie end portion820 of the tubular member 715isslotted, 

30 perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes the extmsion of tubular member 71 5. In a preferred embodiment, flie 
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length of the tubular member 71 5 is limited to minimize the possibility of buckling. 
For typical tubular member 715 materials, the length of the tubular member 715 is 
preferably limited to between about 40 to 20,000 feel in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape of 
the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 preferably 
10 includes a body of solid material 840 for increasing the strength of the shoe 720. 
In a particularly preferred embodiment, the body of solid material 840 comprises 
aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modiiled in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 715 and an existing wellbore casing, and to optimally faciliate the 
removal of the shoe 720 by drilling it our after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region ofthe tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant. 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
numberofconvenUonal commercially available cup seals suchas, for example, TP 

5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachingsof the presentdisclosure-lnaprefened embodiment, theupper cup seal 

730 comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally provide a debris barrier and contain a body of lubricant. 

The fluid passage 735 pemiits fluidic materials to be transported to and from 
10 the interior region of the tubular member 715 below the expandable mandrel 705. 
The fluid passage 735 is fluidicly coupled to the Ouid passage 740. The fluid passage 
735 is preferably coupled to and posiUoned within the support member 760, the 
supportmember 745, the mandrel container 710. and the expandable mandrel 705. 
The fluid passage 735 preferably extends from a position adjacent to the surface to 
15 the bottom of the expandable mandrel 705. The Ouid passage 735 is preferably 
positioned along a centeriine of the apparatus 700. The fluid passage 735 is 
preferably selected to transport materials such as cement, drilling mud or epoxies 
at flow rates and pressures ranging fix>m about 40 to 3.000 gaBons/nunute and 500 
to 9,000 psi in order to provide sufficient operating pressures to extnxie the tubular 
20 member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. 1-6. during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be released into the weUbore above the tubular member 715. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260. The 
pressure release passage is further fluidicly coupled to the fluid passage 735. The 
pressure release pass^e preferably includes a control valve for controllably 
opening and closing the fluid passage. In a prefenred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
30 pressure release passage is preferably positioned substantially orthogonal to the 
centeriine of theapparatus 700. Thepressurereleasepassageispreferablyselected 

to convey materials such as cement, drilling mud or epoxies at flow rates and 



-21- 



pressures ranging from about 0 to 500 gallons/minute and 0 to 1 ,000 psi in order to 
reduce the drag on the apparatus 700 during insertion into a new section of a 
wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and from 

5 the region exterior to the tubular member 715. The fluid passage 740 is preferably 
coupled to and positioned within the shoe 720 in fluidic communication with the 
interior region of the tubular member 7 1 5 below the expandable mandrel 705. The 
fluid passage 740 preferably has a cross-sectional shape that permits a plug, or other 
similar device, to be placed in the inlet 830 of the fluid passage 740 to thereby block 

10 further passage of fluidic materials. In this manner, the interiorregion of the tubular 
member 715 below the expandable mandrel 705 can be optimally fluidicly isolated 
from the region exterior to the tubular member 715. This permits the interior region 
of the tubular member 715 below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along the 
15 centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 
section of a wellbore with fluidic nnaterials. in a preferred embodiment, the fluid 
20 passage 740 includes an inlet passage 830 having a geometry that can receive a dart 
and/or a ball sealing member. In this manner, the fluid pass^e 240 can be sealed 
off by introducing a plug, dart and/or ball sealing elements into the fluid passage 
230. 

In a preferred embodiment, the apparatus 700 further includes one or more 
25 seals 845 coupled to and supported by the end portion 820 of the tubular member 
7 1 5. The seals 845 are further positioned on an outer surface of the end portion 820 
of the tubular member 7 1 5. The seals 845 permit the overiapping joint between an 
end portion of preexisting casing and the end portion 820 of the tubular member 
7 1 5 to be fluidicly sealed. The seals 845 may comprise any number of conventional 
30 commercially available seals such as, for example, lead, rubber, Teflon, or epoxy 
seals modified in accordance with the teachings of the present disclosure. In a 
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preferred embodiment, the seals 845coinprise seals molded from StralaLockepoxy 
available from HaUiburton Energy Services in Dallas, TX in order to optimally provide 
a hydraulic seal and a load bearing interference fit in the overlapping joint between 
the tubular member 7 15 and an existing casing with opUmal load bearing capacity 

5 to support the tubular member 715. 

In a preferred embodiment, the seals 845 are selected to provide a sufficient 
fricUonal force to support the expanded tubular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the seals 845 
ranges from about 1 ,000 to 1 ,000.000 Ibf in order to optimally support the expanded 

10 tubular member 71 5. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparahis 700 
into a new section of a wellbore. The support member 745 may comprise any 

15 number of conventional commercially available support members such as, for 
example, steel driU pipe, coUed tubing or other high strength tubular modified in 
accordance with the teachii^s of the present disclosure. In a prefenred 
embodiment, the support member 745 comprises conventional drill pipe available 
from various steel mills in the United States. 

20 In a preferred embodiment, a body of lubricant 750 is provided in the annular 

region above the expandable mandrel container 710 within the interior of the 
tubular member 71 5. In this manner, the extrusion of the tubular member 715 off 
of the expandable mandrel 705 is facflitated. The lubricant 705 may comprise any 
number of conventional commercially available lubricants such as, for example, 

25 Lubriplate,chlorinebasedlubricants,oilbasedlubricants,oraimax ISOOAntisieze 
(3100). In a prefened embodiment, the lubricant 750 comprises Climax 1500 
AnUsleze (31 GO) available from Halliburton Energy Services in Houston, TX in order 
to optimally provide lubrication to faciliate the extnision process. 

The overshot connection 755 is coupled to the support member 745 and the 

30 support member 760. The overshot connection 755 preferably pemiits the support 
member 745 to be removably coupled to the support member 760. The overshot 
connection 755 maycompriseanynumber of conventionalcommerciaBy available 
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overshot connections such as, for example . Innerstrirwi Sealing Adapter. Innerstring 
Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a prefened 
embodiment, the overshot connection 755 comprises a Innerstring Adapter with an 
Upper Guide available from Halliburton Energy Services in Dallas, TX. 
5 The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
10 such as, for example, steel drill pipe, coiled tubing or other high strength tubulars 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 

15 stabilizer 765 also preferably stabilizes the components of the apparatus 700 within 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 
member having an outside diameter that is about 80 to 99% of the interior diameter 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. The stabilizer 765 may comprise any number of conventional 

20 commercially available stabilizers such as, for example, EZ Drill Star Guides, packer 
shoes or drag blocks modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the stabilizer 765 comprises a sealir^ 
adapter upper guide available from Halliburton Energy Services in Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 

25 thoroughly cleaned prior to assembly to the remciining portions of the apparatus 
700. In this manner, the introduction of foreign material into the apparatus 700 is 
minimized. This minimizes the possibility of foreign material clogging the various 
flow passages and valves of the apparatus 700. 

In a preferred embodiment, before or after positioning the apparatus 700 

30 within a new section of a wellbore, a couple of wellbore volumes are circulated 
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through the various flow passages of the apparatus 700 In order to ensure that no 
foreign materiak are located v^^thinlhewellborethatmight clog up the vario^^ 

passages and valves of the apparatus 700 and to ensure that no foreign material 
interferes with the expansion mandrel 705 during the expansion process. 
5 In a preferred embodiment, the apparatus 700 is operated substantially as 

described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 

As iUustrated in Fig. 8. in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 

10 fonningatubularliner810insideoftheexistingwellborecasing805. Inaprefened 
embodiment, an outer annular lining of cement is not provided in the repaired 
section. In the alternative preferred embodiment, any number of fluidic materials 
can be used to expand the tubular liner 8 1 0 into intimate contact witii the damaged 
section of the wellbore casing such as, for example, cement, epoxy. sl^ mix, or 

15 drilling mud. In the alternative preferred embodiment, sealing members 815 are 
preferably provided at botii ends of the tubular member in order to optimally 
provide a fluidic seal. Inan alternative preferred embodiment, ttie tubular liner 810 
is fonned within a horizontally positioned pipeline section, such as tiiose used to 
transport hydrocarbonsorwater.witiiflie tubular linerSlOplaced in an overiapping 

20 relationship with the adjacent pipeline section. In tiiis manner, underground 
pipeHnes can be repaired wittiout having to dig out and replace the damaged 
sections. 

m another alternative preferred embodiment, ttie metiiod and apparatus 
described herein is used to directiy line a wellbore with a tubular liner 810. In a 
25 preferred embodiment, an outer annular lining of cement is not provided between 
ttie tubular liner 810 and ttie wellbore. In ttie alternative prefened embodiment, 
any number of fluidic materials can be used to expand ttie tubular liner 810 into 
intimate contact witti tiie wellbore such as, for example, cement, epoxy, slag mix. 
or drilling mud. 

30 Refemng now to Figs. 9. 9a. 9b and 9c, a preferred embodiment of an 
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apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and constmction of the mandrel 906 
and shoe 908 permits easy removal of those elements by drilling them out. In this 
5 manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
1 0 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially cuinular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 9 1 5 
is coupled to the upper portion 9 1 0 of the expandable tubular member 902. During 
operation of the apparatus 900, the tubular member 915 is preferably extmded off 
15 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular member 9 1 5 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 9 1 5 is greater 
than the wall thickness of the tubular member 902. 

The tubularmember91 5 maybe fabricated from any number of conventional 
20 commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In apreferred embodiment, the tubularmember 
91 5 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 902. In a particulariy 
preferred embodiment, the tubular member 915 has a plastic yield point ranging 
25 from about 40,000 to 135,000 psi in order to optimally provide approximately the 
same yield properties as the tubular member 902. The tubular member 91 5 may 
comprise a plurality of tubular members coupled end to end. 

In a prefenred embodiment, the upper end portion of the tubular member 
9 1 5 includes one or more sealing members for optimally providing a fluidic and/or 
30 gaseous seal with an existing section of wellbore casing. 
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Ina preferred embodiment, the combined length of the tubular members 902 

and 915 are limited to minimize the possibility of buckling. For typical tubular 

member materials, the combined length of the tubular members 902 and 915 are 

limited to between about 40 to 20.000 feet in length. 
5 Thelowerportion914ofthetubularmember902ispreferablycoupledtothe 

shoe 908 by a threaded connection 968. TTie intermediate portion 9 1 2 of the tubular 
member 902 preferably is placed in intimate sUding contact with the mandrel 906. 
Thetubularmember902maybefabricatedfromanynumberofconventional 

commercially available materials such as, for example, oilfield tubulars. low alloy 
10 steels, titanium or stainless steels. In a preferred embodiment, the tubular member 
902 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 915. In a particularly 
preferred embodiment, the tubular member 902 has a plastic yield point ranging 
from about 40,000 to 135,000 psi in order to optimally provide approximately the 
1 5 same yield properties as the tubular member 9 1 5. 

The waU thickness of the upper, intemiediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1/16 to 1.5 
inches. In a preferred embodiment, the waU thickness of the upper, intermediate, 
and lower portions, 910. 912 and 914 of the tubular member 902 range from about 
20 1/8 to 1 .25 in order to optimally provide wall thickness that are about the same as 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower porUon914is less than or equal to the wall thickness of the upper portion910 
in order tooptimallyprovideageometrythatwiU fit into tight clearances downhole. 
The outer diameter of the upper, intennediate, and lower portions, 910. 912 
25 and914of the tubular member 902 may range, for example, from about 1.05 to48 
inches. In a preferred embodiment, the outer diameter of the upper, intennediate. 
and lower portions. 910, 912 and 914 of Uie tubular member 902 range from about 
3 '/2 to 19 inches in order to optimally provide the ability to expand the most 

commonly used oilfield tubulars. 
30 Thelengthofthetubularmember902ispreferablylimitedtobetweenabout 

2 to 5 feet in order to optimally provkie enough length to contain the mandrel 906 
and a body of lubricant. 
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The tubular member 902 may comprise any number of conventional 
commercially available tubular members modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the tubular 
member 902 comprises Oilfield Country Tubular Goods available from various U.S. 
5 steel mills. The tubular member 915 may comprise any number of conventional 
commercially available tubular members modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the tubular 
member 91 5 comprises Oilfield Country Tubular Goods available from various U.S. 
steel mills. 

1 0 The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
1 5 end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
elements of the tubular member 915 are coupled using welding. The tubular 
member 91 5 may comprise a plurality of tubular elements that are coupled end to 

20 end. The tubular men±>ers 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

The support member 904 preferably includes an innerslring adapter 916, a 
fluid passage 91 8, an upper guide 920, and a coupling 922. During operation of the 

25 apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 904 
preferably has a substantially annular cross-section. 

The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 

30 tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
embodiment, the support member 904 is fabricated from low alloy steel in order to 
optimally provide high yield strength. 
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The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
916 may be coupled to a conventional driU string support 971 by a threaded 
connection 970. 

5 The fluid passage 918 is preferably used to convey Ouids and other materials 
to and from the apparatus 900. In apreferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a prefen-ed embodiment, the fluid 
passage 918 is used to convey hardenable fluidic sealing materials to and from the 
apparatus 900. In a particularly preferred embodiment, the fluid pass^e 918 may 

10 include one or more pressure relief passages (not iUustrated) to release fluid 
pressure during positioning of the apparatus 900 within a weUbore. In a prefened 
embodiment, the fluid passage 918 is positioned along a longitudinal centeriine of 
the apparatus 900. In apreferred embodiment, the fluid passage 918 is selected to 
pennit the conveyance of hardenable fluidic materials at operating pressures 

15 ranging from about 0 to 9,000 psi. 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center tiie support member 904 
witiiin the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance witti ttje teachings of ttie 

20 present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from HalHburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the hibular member 91 5. 

The coupling 922 couples the support member 904 to the mandrel 906. The 
coupling 922 preferably comprises a conventional threaded connection. 

25 The various elements of the support member 904 may be coupled using any 
number of conventional processes such as. for example, welding, threaded 
connections or machined from one piece. In a prefened embodiment, the various 
elements of ttie support member 904 are coupled using threaded connections. 
The mandrel 906 preferably includes a retainer 924, a mbber cup 926, an 

30 expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower 
guide 934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 
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942, an upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, 
a guide 950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
948, and the rubber cup 926. The retainer 924 couples the mbber cup 926 to the 
5 lubricator sleeve 948. The retainer 924 preferably has a substantially annular cross- 
section. The retainer 924 may comprise any number of conventional commercially 
available retainers such as, for example, slotted spring pins or roll pin. 

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 946, 
and the lubricator sleeve 948. The mbber cup 926 prevents the entry of foreign 
1 0 materials into the interior region 972 of the tubular member 902 below the mbber 
cup 926. The mbber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
Injection Packer (SIP) cup. In a preferred embodiment, the mbber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
1 5 order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
the interface betv^een the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
20 number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 Andseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 
(3 1 00) available from Climax Lubricants and Equipment Co. in Houston, TX in order 
to optimally provide lubrication to faciliate the extrusion process. 
25 The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
apparatus 900, the tubular members 902 and 915 are extmded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
30 of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 



.30- 



and the upper cone retainer 944. Inner radial movement of the expansion cone 928 
is prevented by the body of cement 932. the housii^ 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 

5 The outside diameter of the expansion cone 928 is preferably tapered to provide a 
cone shape. The wall thickness of the expansion cone 928 may range, for example, 
from about 0.1 25 to 3 inches. In a prefenred embodiment, the wall thickness of the 
expansion cone 928 ranges from about 0.25 to 0.75 inches in order to optimally 
provide adequate compressive sUength with minimal material. The maximum and 

10 minimum outside diameters of the expansion cone 928 may range, for example, 
from about 1 to 47 inches. In a prefened embodiment, the maximum and 
minimum outside diameters of the expansion cone 928 range from about 3.5 to 19 
in order to opUmally provide expansion of generaUy available oilfield tubulars 

The expansion cone 928 maybe fabricated fromany number of conventional 

1 5 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in oreler to optimally provide high strength and abrasion resistance. 
The surface hanJness of the oulersurfaceof the expansioncone 928mayrange, for 
example, from about 50 RockweO C to 70 Rockwell C. In a preferred embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 RockweU C to 62 Rockwell C in order to optimally provide high yield 
strength. In a prefe^ed embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resiUent interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 The lower cone retainer 930 is coupled to the expansion cone 928 and tiie 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by thelower cone retainer 930. Preferably,the lower cone retainer 

930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commerciaUy available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel In a prefened embodiment, tiie lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high stirengtti 
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and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a prefened embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing stmcture for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower guide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. The 
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outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 
5 helpsguidethemovementofthemandrel906withinthetubularmember902. The 

extension sleeve 936 preferably has a substandally annular cross-section. 

nie extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulars, low alloy steel or stainless steel. In a prefen-ed embodiment, the 
1 0 extension sleeve 936 is fabricated from low aUoy steel in order to optimally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
fornied as an integral one-piece element in order to minimize the number of 
1 5 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to male with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commerciallyavaflable materials such as. for example, steel, aluminum or cast iron. 
In a prefened embodiment, the spacer 938 is fabricated from aluminum in order 
tooptimallyprovidedriUability.Theendofthespacer938 preferably mates with the 
25 end ofthe extension tube 960. in a prefeired embodiment, the spacer 938 and the 
sealing sleeve 942 are formed as an integral one-piece element in order to reduce 
the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation of the apparatus 900, the housing 940 preferably prevents inner radial 
motion ofthe expansion cone 928. Preferably, the housing 940 has a substantiaBy 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a prefen^ed embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a preferred 
5 embodiment, the lower guide 934. extension sleeve 936 and housing 940 are 
formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly prefenred embodiment, the interior surface of the housing 
940 includes one or more protrusions to faciliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
In a preferred embodiment, the sealing sleeve 942 is fabricated from aluminum in 
20 order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protmsions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly prefenred embodiment, the spacer 938 and the sealii^ sleeve 
25 942 are integrally formed as a one-piece element in order to minimize the number 
of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular cross- 
section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 is 
fabricated fromaluminum in ordertooptimallyprovidedriUabilityoftheupper cone 

5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially 1-shaped to provide increased rigidity and minimize the amount 

10 of material that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948. and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 

15 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 

20 fabricated from aluminum in order to optimally provide drillability of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the mbber cup 926. the upper cone retainer 944, the lubricator sleeve 
948. and the guide 950. During operation of the apparatus 900, the lubricator sleeve 

25 948 preferably supports the mbber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prefen-ed embodiment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillabiUty of the lubricator 
sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and mbber cup 926 in order to optimally seal off 
the interior region 972 of the tubular member 902. 

The guide 950 Is coupled to the lubricator mandrel 946, the retainer 924, and 
the lubricator sleeve 948. During operation of the apparatus 900, the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
1 0 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast iron. 
In a preferred embodiment, the guide 950 is fabricated from aluminum order to 
optimally provide drillability of the guide 950. 
1 5 The fluid passage 952 is coupled to the mandrel 906. During operation of the 

apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. 
In a prefenred embodiment, the fluid passage 952 is positioned about the centeriine 
of the apparatus 900. In a particulariy preferred embodiment, the fluid passage 952 
is adapted to convey hardenable fluidic materials at pressures and flow rate ranging 
20 from about 0 lo 9.000 psi and 0 to 3,000 gallons/min in order to optimally provide 
pressures and flow rates to displace and circulate fluids during the installation of the 
apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

91 4 of the tubular member 902. During operation of the apparatus 900, the housing 
954 preferably couples the lower portion of the tubular member 902 to the shoe 908 
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to facilitate the extmsion and posiUoning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-secUon. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel or aluminum. In a 
5 prefened embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954lncludesoneormoreprotnisionstofadUatetheconnectionbetweenthebody 

of cement 956 and the housing 954. 
10 Thebodyofceraenl956iscoupledtothehousing954,andthesealingsleeve 

958. In a prefened embodiment, the composition of the body of cement 956 is 
selected to perniit the body of cement to be easily drifled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as. for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956. the extension 
tube 960, the fluid passage 962, and one or more outiet jets 964. During operation 
20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenablefluidicmaterialfromthefluidpassage952into the fluid passage 962and 

then into the ouUet jets 964 in order to inject the hardenable fluidic material into an 
annular region external to the tubular member 902. In a preferred embodiment, 
during opeiaUon of the apparatus 900, the seaUng sleeve 958 further includes an 
25 inletgeometrythatpennitsaconventionalplugordart974tobecomelodgedinthe 

inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 
blockedtherebyfluidiclyisolatingtheinleriorregion966ofthe tubular member902. 
maprefened embodiment, the sealing sleeve 958hasasubstantially annular 

cross-secUon. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid passage 
962. and one or more outlet jets 964. During operation of the apparatus 900, the 
5 extension tube 960 preferably is adapted to convey a hardenable fluidic material 
from the fluid passage 952 into the fluid passage 962 and then into the outlet jets 
964 in order to inject the hardenable fluidic material into an annular region external 
to the tubular member 902. In a preferred embodiment, during operation of the 
apparatus 900, the sealing sleeve 960 further includes an inlet geometry that pemiits 

1 0 a conventional plug or dart 974 to become lodged in the inlet of the sealing sleeve 
958. In this manner, the fluid passage 962 is blocked thereby fluidicly isolating the 
interior region 966 of the tubular member 902. In a prefen-ed embodiment, one end 
of the extension tube 960 mates with one end of the spacer 938 in order to 
optimally faciliate the transfer of material between the two. 

15 In a preferred embodiment, the extension tube 960 has a substantially 

annular cross-section. The extension tube 960 nnay be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iroa In a preferred embodiment, the extension tube 960 is 
fabricated from aluminum in order to optimally provide drillability of the extension 

20 tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension tube 
960. and one or more outlet jets 964. During operation of the apparatus 900, the 
fluid passage 962 is preferably conveys hardenable fluidic materials. In a prefened 
embodiment, the fluid passage 962 is positioned about the centeriine of the 

25 apparatus 900. In a particularly preferred embodiment, the fluid passage 962 is 
adapted to convey hardenable fluidic materials at pressures and flow rate ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to optimally provide 
fluids at operationally efficient rates. 

The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 

30 960, and the fluid passage 962. During operation ofthe apparatus 900, the outlet jets 
964 preferably convey hardenable fluidic material from the fluid passage 962 to the 
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region exterior of the apparatus 900. In a preferred ennbodimerit. the shoe 908 
includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simpUfy the construction 

5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as. for example, threaded connections, cement or 
machined from one piece of material. In a prefen-ed embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 m a preferred embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, a 
drill string is used in a well known manner to driU out material from the 
15 subtenranean formation to form a new section. 

The apparatus 900 for fonrung a weUbore casing in a subten-anean formation 
is then positioned in the new section of the wellbore. In a particularly preferred 
embodiment, the apparatus 900 includes the tubular member 91 5. In a preferred 
embodiment, a hardenable fluidic sealing hardenable fluidic seaUng material is 
20 then pumped from a surface location into the fluid passage 918. The hardenable 
fluidic sealing material then passes from the fluid passage 918 into the Interior 
region 966 of the tubular member 902 below the mandrel 906. The hardenable 
fluidic sealing material then passes from the interior region 966 into the fluid 
passage 962. The hardenable fluidic sealing material then exits the apparatus 900 
25 viatheouUetjets964andfillsanannularregionbetweentheexteriorofthetubular 

member 902 and the interior wall of the new section of the wellbore. Continued 
pumping of the hardenable fluidic sealing material causes the material lo fill up at 

least a portion of the armular regioa 

The hardenable fluidic seaBngmaterialis preferably pumped into the annular 

30 region at pressures and flow rates ranging, for example, from about 0 to 5.000 psi 
and 0 to 1,500 gallons/min, respectively. In a prefen^d embodiment, the 
hardenable fluidic sealing material is pumped into the annular region at pressures 



-39- 



and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular region. 
The optimum composition of the blended cements is preferably determined using 

15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902, the annular region of the new section of the wellbore will be filled 
with hardenable material 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
tubular member 902 from the extemal annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 

25 causing the interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974, or other similar device 
into the non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 915 Is minimized. 

30 Once the interior region 966 becomes sufficiently pressurized, the tubular 

members 902 and 9 1 5 are extnided off of the mandrel 906. The mandrel 906 may 
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be fixed or it maybe expandible. During the extrusion process, the mandrel 906 is 
raised out of the expanded portions of the tubular members 902 and 915 using the 
support member 904. During this extnjsion process, the shoe 908 is preferably 
substantially stationary. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSC) latch-down plug. Omega latch-down 

10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the plug or dart 974 comprises 
a MSC latch-down plug available from Halliburton Energy Sendees in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 

15 pressures and How rates ranging fi'om approximately 500 to 9,000 psi and 40 to 
3.000 gallons/min in order to optimally extmde the tubular members 902 and 915 

off of the mandrel 906. 

For typical tubular members 902 and 915, the extmslon of the tubular 
members 902 and 91 5 off of the expandable mandrel will begin when the pressure 

20 of the interior region 966 reaches approximately 500 to 9,000 psi. In a prefened 
embodiment, the extnjsion of the tubular members 902 and 915 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1 ,200 to 8,500 psi with a flow rate of about 40 to 1 250 gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a prefenred embodiment, during the extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 91 5 at rates ranging from about 0 to 2 fVsec in order to optimally 
provide pulling speed fast enough to pennit efficient operation and permit full 

30 expansion of the tubular members 902 and 915 prior to curing of the haidenable 
fluidic sealing material; but not so fast that timely adjustment of operating 
parameters during operation is prevented. 
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When the upper end portion of the tubular member 9 15 is extruded off of the 
mandrel 906, the outer surface of the upper end portion of the tubular member 9 1 5 
will preferably contact the interior surface of the lower end portion of the existing 
casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psi. In 
a preferred embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 91 5 and the existing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 

1 0 the tubular member 91 5 and existing wellbore casing will cany typical tensile and 
compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllably ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 91 5. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extmsion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extmsion process. 

In an alternative preferred embodiment, the operating pressure and/or flow 
rate of the hardenable fluidic sealing material and/or the non hcirdenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimize shock. 

25 Alternatively, or in combination, a shock absorber is provided in the support 

member 904 in order to absorb the shock caused by the sudden release of 
pressure. 

Altemath^ely, or in combination, a mandrel catching stmcture is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
30 906. 

Once the extrusion process is completed, the mandrel 906 is removed from 
the wellbore. In a prefen^ed embodiment, either before or after the removal of the 
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mandrel 906. the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overiapping 
joint between the upper portion of the tubular member 91 5 and the lower portion 
5 of the exisUng casing is saUsfactory, then the uncured portion of any of the 
hardenabiefluidicseaUng material within the expanded tubular member915is then 

removed inaconventional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the existing 
casing and new section of wellbore is then allowed to cure. 
10 Preferablyany remaining cured hardenable fluidic sealing material within the 
interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill strii^. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 915 and an 
outer annular layerof cured hardenable fluidic sealing material. Thebottom portion 

1 5 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional drilling methods. 

In an altematWe embodiment, during the extnision process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to driU out 

20 the interior secUons of the apparatus 900 in order to facilitate the removal of the 
remaining sections. In a prefened embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that pennit a conventional drill string to be employed to drill out the 
interior components. 

25 In particular, in a preferred embodiment, the composition of the interior 

sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, tiie spacer 938, the sealing sleeve 942, Oie upper cone retainer 944, ttie 
Iubricatormandrel946.lhelubricatorsleeve948.theguide950.lhehousing954,the 

body of cement 956. the sealing sleeve 958. and the extension tube 960, are 
3D selected to pennit at least some of these components to be drilled out using 
conventional drilling methods and apparatus. In this manner, in the event of a 
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malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 

Referring now to Figs. 10a. 10b, 10c. lOd. lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. 1 Oa, a wellbore 1 000 positioned in a subtenanean formation 1 002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006preferablyincludes a tubular liner 1012 and 
a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. 1 la- 1 If. 

In a particularly prefen^ed embodiment, an upper portion of the tubular liner 
1012 overiaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

Refenring to Fig. 1 Ob, in order to create a tie-back liner that extends from the 
overlap between the first and second casings, 1004 and 1006, an apparatus 1 100 is 
preferably provided that includes an expandable mandrel or pig 1 105, a tubular 
20 member 1 1 1 0, a shoe 1115, one or more cup seals 1 1 20, a fluid passage 1 1 30, a fluid 
passage 1 1 35, one or more fluid passages 1 1 40, seals 1 1 45, and a support member 
1150. 

The expandable mandrel or pig 1 105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 

25 controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventionai commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure 

30 of which is incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 
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The tubular member 1 1 10 is coupled to and supported by the expandable 
mandrel 1 105. The tubular member 1 105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1 105. The tubular member 1 110 may be 
fabricated from any number of materials such as, for example, Oilfield Country 

5 Tubular Goods, 13 chromium tubing or plastic piping. In a prefen-ed embodiment, 
the tubular member 1 1 1 0 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 11 10 may range, for 
example, from approximately 0.75 to 47 inches and 1 .05 to 48 inches, respecUvely. 
In a preferred embodiment, the inner and outer diameters of the tubular member 

1 0 1 1 1 0 range from about 3 to 15.5 inches and 3.5 to 1 6 inches, respectively in order 
to optimally provide coverage for typical oilfield casing sizes. The tubular member 
1110 preferably comprises a solid member. 

in a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slov^ down the 

15 mandrel 1105 when It completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimize the possibility of buckling. For typical tubular member 1 1 10 materials, the 
length of the tubular member 1 1 10 is preferably limited to between about 40 to 
20,000 feet in length. 

20 The shoe 1 1 1 5 is coupled to the expandable mandrel 1 105 and the tubular 

member 1110. The shoe 1115 includes the fluid passage 1 135. The shoe 1 1 15 may 
comprise any number of conventional commerciaBy available shoes such as, for 
example. Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 

25 teachings of the present disclosure. In a preferred embodiment, the shoe 1 1 15 
comprisesanaluminumdown-jetguideshoewithasealing sleeve foralatch-down 

plug with side ports radiating off of the exit flow port available from Halliburton 
Energy Semces in Dallas. TX. modified in accordance with the teachings of the 
" present disclosure, in order to optimally guide the tubular member 1100 to the 
30 overlap betweenlhetubularmemberllOOand the casing 1012. optimally fluidicly 
isolate the interiorof the tubularmember 1 100 after the latch down plug has seated. 
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and optimally permit drilling out of the shoe 1115 after completion of tlie expansion 
and cementing operations. 

In a preferred embodiment, the shoe 1 1 15 includes one or more side outlet 
ports 11 40 in fluidic communication with the fluid passage 1 1 35. In this manner, the 
5 shoe 1115 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 1 40 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
1 1 40 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
10 the fluid passage 1 130. 

The cup seal 1 1 20 is coupled to and supported by the support member 1 1 50. 
The cup seal 1 1 20 prevents foreign materials from entering the interior region of the 
tubular member 1110 adjacent to the expandable mandrel 1 1 05. The cup seal 1 1 20 
may comprise any number of conventional commercially available cup seals such 

1 5 as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1 120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
contain a body of lubricant. 

20 The fluid passage 1 1 30 permits fluidic materials to be transported to and from 

the interior region of the tubularmember 1110 below the e^^andable mandrel 1 1 05. 
The fluid passage 1 130 is coupled to and positioned within the support member 
1 1 50 and the expandable mandrel 1 1 05. The fluid passage 1 1 30 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 

25 1105. The fluid passage 1130 is preferably positioned along a centerline of the 
apparatus 1 1 00. The fluid passage 1 1 30 is preferably selected to transport materials 
such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally provide 
sufficient operating pressures to circulate fluids at operationally efficient rates. 

30 The fluid passage 1 135 permits fluidic materials to be transmitted from fluid 

passage 1 1 30 to the interior of the tubular member 1110 below the mandrel 1 105. 
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The Huid passages 1 140 pennits fluidic materials to be transported to and 
from the region exterior to the tubular member 1 1 10 and shoe 1 1 15. The fluid 
passages 1140 are coupled to and posiUoned within the shoe 1115 in Huidic 
communication with the interior region of the tubular member 1 1 10 below the 
5 expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages IHOtotherebyblockfurtherpassageofnuidicmaterials. Inthismanner, 
the interior region of the tubular member 1 1 lObelow the expandable mandrel 1 105 
can be fluidicly isolated from the region exterior to the tubular member 1105. This 
ID permits the interior region of the tubular member 1110 below the expandable 
mandrel 1 105 to be pressurized. 

The fluid passages 1 140 are preferably posiUoned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
15 about 0 to 3,000 gaDons/minute and 0 to 9,000 psi in order to optimally fiB the 
annular region between the tubular member 1 1 10 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1 140 include an 
inlet geometry that can receive a dart and/or a baD sealing member. In this manner, 
the fluid passages 1 140 can be sealed off by introducing a plug, dart and/or bafl 
20 sealing elements into the fluid passage 1130. In a prefenred embodiment, the 
apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an altemative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1 140 that is adapted to receive a plug, 
or other similar device, to permit the interior region of the tubular member 1 H 0 to 
25 be fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1 145 are coupled to and supported by a lower end portion of the 
tubular member 11 10. Theseals 11 45 are further positioned on an outer surface of 
the lower end portion of the tubular member 1110. The seals 1145 permit the 
overiapping joint between the upper end portion of the casing 1 01 2 and the lower 
30 end portion of the tubular member 1 1 10 to be fluidicly sealed. 

The seals 1 145 may comprise any number of conventional commercially 
available seals such as. for example, lead, nibber. Teflon or epoxy seals modified 
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in accordance with Ihe teachings of the present disclosure. In a prefen^ed 
embodiment, the seals 1 1 45 comprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
hydraulic seal in the overlapping joint and optimally provide load carrying capacity 
5 to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 11 45 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1110 from the 
tubular liner 1 008. In a preferred embodiment, the frictional force provided by the 
seals 11 45 ranges from about 1,000 to 1,000,000 Ibf in tension and compression in 
10 order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 1 100 into the wellbore 1000. In a preferred embodiment, the support 
15 member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 11 50 is provided in the 
annular region above the expandable mandrel 1 1 05 within the interior of the tubular 
member 1110. In this manner, the extrusion of the tubular member 1 1 1 0 off of the 
20 expandable mandrel 1105 is facilitated. The lubricant 1150 may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants or Climax 1 500 Antiseize (31 00). In a preferred 
embodiment, the lubricant 1 1 50 comprises Climax 1 500 Antiseize (31 00) available 
from Climax Lubricants and Equipment Co. in Houston, TX in order to optimally 
25 provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 1 50 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1 1 00. In this manner, 
the introduction of foreign material into the apparatus 1100 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
30 valves of the apparatus 1 100 and to ensure that no foreign material interferes with 
the expansion mandrel 1 105 during the extrusion process. 
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Inaparticularlyprefeired embodiment, me apparatusllOOincludesap 
1155 coupled to the boitomsectionoftheshoe 1 1 1 5 for Huidicly isolating the region 
oftheweilbore lOOObelowthe apparatus 1100. In this manner, fluidic materials are 
prevented from entering the region oftheweilbore 1000 below the apparatus 1100. 
5 Thepackerll55maycompriseanynumberofconventionalcommerciallyavailable 

packers such as. for example. EZ Drill Packer. EZ SV Packer or a drillable cement 
retainer, in a preferred embodiment, the packer 11 55 comprises an EZDriD Packer 
available from Halliburton Energy Sendees in Dallas, TX. In an alternative 
embodiment, a high gel strength pill may be set below the tie-back in place of the 

10 packerll55. In another alternative embodiment, the packer 11 55 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1 100, a couple of wellbore volumes are circulated in order to 
ensure that no foreign materials are located within the weUbore 1000 that might 
clog up the various flow passages and valves of the apparatus 11 00 and to ensure 

15 that no foreign material interferes vyrith the operation of the expansion mandrel 
1105. 

As iUustrated in Fig. 10c. a haidenable fluidic sealing material 1 160 is then 
pumpedfromasurfacelocationintothefluldpassage 1130. The material 11 60 then 
passes from the fluid passage 1 130 into the interior region of the tubular member 

20 lllObelowtheexpandablemandrelllOS. The material 11 60 then passes from the 
interior region of the tubular member 1110 into the fluid passages 1140. The 
material 1 ISO thenexits the apparatus 1 100 and Alls the annularregion between the 
exterior of the tubular member 1 1 10 and the interior wall of the tubular liner 1008. 
ConUnued pumping of the material 1 160 causes the material 1 160 to fiUup at least 

25 a portion of the annular region. 

■me material 1 1 60 may be pumped into the annular region at pressures and 
flowratesranging.for example, from about0to5.000psiand0tol,500gallons/min. 

respectively. In a preferred embodiment, the material 1160 is pumped into the 
annular region atpressures and flowratesspecificaUy designed for the casing sizes 

30 being nin. the annular spaces being filled, the pumpir^ equipment available, and 
the properties of the fluid being pumped. The optimum flow rates and pressures 
are preferably calculated using conventional empirical methods. 
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The hardenable fluidic sealing material 1 160 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1 1 60 comprises blended cements specifically 
5 designed for well section being lied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1 1 10 v^hile maintaining optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
10 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
annular region uill be filled with material 1 160. 

As illustrated in Fig. 1 Od, once the annular region has been adequately filled 
1 5 with material 1 1 60, one or more plugs 1 1 65, or other similar devices, preferably are 
introduced into the fluid passages 1 140 thereby fluidicly isolating the interior region 
of the tubular member 1110 from the annular region external to the tubular member 
1110. In a preferred embodiment, a non hardenable fluidic material 11 61 is then 
pumped into the interior region of the tubular member 1110 below the mandrel 
20 1105 causing the Interior region to pressurize. In a particularly prefened 
embodiment, the one or more plugs 1 165, or other similar devices, are introduced 
into the fluid passage 1 140 v^th the introduction of the non hardenable fluidic 
material. In this marmer, the amount of hardenable fluidic material within the 
interior of the tubular member 1 1 10 is minimized. 
25 As illustrated in Fig. lOe, once the interior region becomes sufficiently 

pressurized, the tubular member 1 1 10 is extruded off of the expandable mandrel 
1 105. During the extrusion process, the expandable mandrel 1 105 is raised out of 
the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
30 introducing the plugs 1 165 into the fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 1 1 65 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
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brass baUs. plugs, rubber bans, or darts modified in accordance with the teachings 
of the present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density njbber 
baUs. man alternative embodiment,forashoe 1105 havingacommoncentral inlet 

5 passage, the plugs 1 165 comprise a single latch down dart 

Afler placement of the plugs 1165 in the fluid pass^es 1140. the non 
hardenable fluidic material 1 161 ispreferably pumped into the interior region of the 
tubular member 1110 below the mandrel 1 1 05 at pressures and flow rates ranging 
from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min. 

10 inaprefeiredembodiment.afterplacement of the plugs 11 65 in the fluid passages 
1140, thenon hardenable fluidic materialll6l is preferablypumpedintotheinterior 

region of the tubular member 1 llObelowthe mandrel 1 105 at pressures and flow 
rates ranging from approximately 1200 to 8500 psi and 40 to 1250 gallons/min in 
order to optimally provide extmsion of typical hibulars. 
1 5 For typical tubular members 1 1 10, the extrusion of the tubular member 1110 
off of the expandable mandrel 1 105 wiU begin when the pressure of the interior 
region of the tubular member 1110 below the mandrel 1 1 05 reaches, for example, 
approximately 1200 to 8500 psi. In a prefened embodiment, the extmsion of the 
tubularmemberlllOoffoftheexpandablemandrelllOSbeginswhen the pressure 

20 of the interior region of the tubular member 1110 below the mandrel 1 105 reaches 
approximately 1200 to 8500 psi. 

During the extmsion process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example. fromaboutO to 5 ft/sec. Inapreferred embodiment, during theextnision 

25 process, the expandable mandrel 1 1 05 is raised out of the expanded portion of the 
tubular member 1 1 10 at rates ranging from about 0 to 2 ft/sec in order to optimally 
provide permitadjustmentofoperationalparameters,andoptimally ensure that the 

extmsion process wiU be completed before the material 1 160 cures. 

m a preferred embodiment, at least a portion 1180 of ttie tubular member 
30 1 1 1 0 has an internal diameter less than the outside diameter of tiie mandrel 1 105. 
In this manner, when the mandrel 1105 expands the section 1 180 of the tubular 
member 1 1 10. at least a portion of the expanded section 1 180 effects aseal with at 
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least the wellbore casing 1012, In a particularly preferred ennbodiment, the seal is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
the wellbore casing 1012. In a prefenred embodiment, the contact pressure of the 
joint l>etween the expanded section 1180 of the tubular member 1110 and the 
5 casing 1012 ranges from about 500 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1 145 and provide optimal resistance to 
ensure that the Joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire length 
10 of the tubular member 1 1 1 0 has an internal diameter less than the outside diameter 
of the mandrel 1 105. In this manner, extrusion of the tubular member 1 1 10 by the 
mandrel 1 105 results in contact between substantially all of the expanded tubular 
member 1110 and the existing casing 1 008. In a preferred embodiment, the contact 
pressure of the joint between the expanded tubular member 1110 and the casings 
15 1008 and 1012 ranges from about 500 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1 145 and provide optimal resistance to 
ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In a preferred emtK)diment, the operating pressure and flow rate of the 
20 material 1161 is controUably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete extriision of the tubular 
member 1 1 1 0 off of the expandable mandrel 1 1 05 can be minimized. In a preferred 
embodiment, the operating pressure of the fluidic material 1 161 is reduced in a 
25 substantially linear fashion from 1 00% to about 1 0% during the end of the extrusion 
process beginning when the mandrel 1 105 has completed approximately all but 
about 5 feel of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
30 pressure. 
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Alternatively, or in combination, a mandrel catching structure isprovided in 
the upper end portion of the tubular member 1 1 10 in order to catch or at least 

decelerate the mandrel 1 105. 

Referring to Fig. lOf, once the extmsion process is completed, the 

5 expandable mandrel 1105 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105. 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 

10 the tubular member 1110 and the upper portion of the tubular liner 1008 .s 
satisfactory, then the uncured portion of the material 1160 within the expanded 
tubularmemberl 1 lOis then removed in a conventional manner. The material 1 160 
within the annular region between the tubular member 1 1 1 0 and the tubular liner 

1008 is then allowed to cure. 
,5 AsillustratedinFig.l0f,preferablyanyiemainingcuredmaterialll60within 

the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back finer 
of casing 1 1 70 includes the expanded tubular member 1 1 10 and an outer annular 

layer 1 1 75 of cured material 11 60. 
20 As iUuslrated in Fig. 1 Og, the remaining bottom portion of tiie apparatus 1 1 00 
comprising the shoe 1 1 15 and packer 1 155 is then preferably removed by drilling 
out the shoe 1 1 15 and packer 1 1 55 using conventional drilling mettiods. 

Inaparticularly preferred embodiment, theapparatusllOO incorporates the 

apparatus 900. 

Referring now to Figs. 1 1 a-1 If. an embodiment of an apparatus and method 
for hangir^atubularliner off of an existing wellbore casing will now bedescribed. 

AsUlustmtedinFig. lla,awenbore 1200 is positioned in a subten^aneanfom^ation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1220. 
30 In order to extend the wellbore 1200 into the subtenranean fomiation 1205. 
a drill string 1225 is used in a well known manner to driU out material from the 
subtenanean formation 1205 to fonn a new section 1230. 



25 
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As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing in 
a subterranean formation is then positioned in the new section 1 230 of the wellbore 
100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, 
a tubular member 1310, a shoe 1315. a fluid passage 1320, a fluid passage 1330. a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modifled in 
10 accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

15 The tubular member 1310 is coupled to and supported by the expandable 

mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extmded off of the expandable mandrel 1305. The tubular member 
1310 maybe fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 1 3 chromium steel tubing/casing or plastic casing. 

20 Inaprefenedembodiment, the tubularmernberl310isfabricatedfrom OCTG. The 
inner and outer diameters of the tubular member 1310 may range, for example, 
from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a 
preferred embodiment, the inner and outer diameters of the tubular meml)er 1310 
range from about 3 to 15.5 inches and 3,5 to 16 inches, respectively in order to 

25 optimally provide minimal telescoping effect in the most conrunonly encountered 
wellbore sizes. 

In a preferred embodiment, the tubular member 1310 includes an upper 
portion 1 355, an intermediate portion 1 360, and a lovyer portion 1 365. In a preferred 
embodiment, the wall thickness and outer diameter of the upper portion 1 355 of the 
30 tubular member 1310 range from about 3/8 to 1 inches and 3 1/2 to 16 inches, 
respectively. In a preferred embodiment, the wall thickness and outer diameter 
of the intermediate portion 1360 of the tubular member 1310 range from about 
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0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred embodiment, 
the wall thickness and outer diameter of the lower portion 1365 of the tubular 
member 1310 rar^e from about 3/8 to 1 .5 inches and 3.5 to 1 6 inches, respectively. 
In a particularly preferred embodiment, the wall thickness of the 
5 intemiediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections. 1355. and 1365. of the tubular 
member 1310 in order to optimally faciliate the initiation of the extnision process 
andoptimallypermitthe placement ofthe apparatus inareasoftheweHborehaving 

tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1 355 of the tubular member 1 31 0 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 
when it completes the extnision of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
15 possibility of buckling. For typical tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20.000 feet in 
length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferablyincludesnuid passages 1330 and 1335. The shoe 1315maycompriseany 
20 number of conventional commercially available shoes such as, for example. Super 
Seal II float shoe. Super Seal II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the 
present disclosure. In a prefened embodiment, the shoe 1315 comprises an 
aluminumdown-jetguideshoewithasealing sleeve foralatch-downplugavailable 

25 from Halliburton Energy Sendees in Dallas, TX. modified in accordance with the 
teachingsofthepresentdiscIosure,inoTdertooplimallyguidethetubularmember 

1310 into the wellbore 1200. optimally fluldidy isolate the interior of the tubular 
member 1310. and optimally permit the complete driU out of the shoe 1315 upon 
the completion of the extmsion and cementing operations. 
30 In a preferred embodiment, the shoe 1315 further includes one or more side 

ouUet ports in fluidic communication with the fluid passage 1 330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 
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outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
shoe 1315 includes the fluid passage 1 330 having an inlet geometry that can receive 
a fluidic sealing member. In this manner, the fluid passage 1 330 can be sealed off 
by introducing a plug, dart and/or ball sealing elements into the fluid passage 1330. 
5 The fluid passage 1 320 permits fluidic materials to be transported to and from 

the interior region of the tubular member 1310 below the expandable mandrel 1 305. 
The fluid passage 1320 is coupled to and positioned within the support member 
1 345 and the expandable mandrel 1 305. The fluid passage 1 320 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 

10 1305. The fluid passage 1320 is preferably positioned along a centerline of the 
apparatus 1 300. The fluid passage 1 320 is preferably selected to transport materials 
such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 
about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally provide 
sufficient operating pressures to circulate fluids at operationally efficient rates. 

1 5 The fluid passage 1 330 permits fluidic materials to be transported to and from 

the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 is coupled to cuid positioned within the shoe 1315 in fluidic communication 
with the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 

20 permits a plug, or other similar device, to be placed in fluid passage 1 330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1 370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
isolated from the region exterior to the tubular member 1310. This permits the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 

25 1 305 to be pressurized. The fluid passage 1 330 is preferably positioned substantially 
along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular region 

30 between the tubular member 1 3 1 0 and the new section 1 230 of the wellbore 1 200 
with fluidic materials. In a preferred embodiment, the fluid passage 1330 includes 
an inlet geometry that can receive a dart and/or a ball sealing member. In this 
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manner, the Huid passage 1330 can be sealed off by introducing a plug, dart and/or 

ball sealing elements into the fluid passage 1320. 

Thefluidpassagel335pennitsnuidicmaterialstobetransportedtoandfrom 

the region exterior to the tubular member 1310 and shoe 1315. The Ouid passage 
5 1335 is coupled to and posiUoned within the shoe 1315 in fluidic communication 
with the fluid passage 1330. The fluid passage 1335 is preferably posiUoned 
substandally along the cenlerline of the apparatus 1300. The fluid pass^e 1335 is 
preferably selected toconvey materials suchas cement, drilling mud orepoxies at 

flowratesandpressuresrangii^fromabout0to3.000gallons/minuteand0to9.000 
10 psi in order to optimally fffl the annular region between the tubular member 1310 

and the new section 1 230 of ttie wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by tiie upper end portion 1355 

of the tubular member 1310. The seab 1340 are further positioned on an outer 
surfaceoftheupperendportionl355ofthetubularmemberl310. Theseals 1340 

15 pem.it the overlapping jointbetween the lower end portion of the casing 1215 and 
theupperportionl355ofttietubularmemberl310tobefluidiclysealed.TTieseals 

1340 maycomprise any numberof conventional commerciallyavallable seals such 

as. for example, lead, mbber. Teflon, or epoxy seals modified in accordance with 
theteachingsoftiie present disclosure, ma preferred embodiment. Uie seals 1340 
20 comprise seals molded from Stratalock epoxy available from Hafliburton Energy 
Sendees in Dallas. TX in order to optimally provide a hydrauKc seal in tiie annulus 
of the overlapping joint whUe also creating optimal load bearing capability to 
witiistand typical tensile and compressive loads. 

in a preferred embodiment, the seals 1340 are selected to optimally provide 
25 a sufficient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1 340 ranges from about 1 .000 to 1 .000.000 Ibf in order to optimally support 
the expanded tubular member 1310. 

The support member 1345 is coupled to the e:q)andable mandrel 1305, 
30 tubular member 1310. shoe 1315. and seals 1340. The support member 1345 
preferably comprises an annulaf member having sufficient strength to carry the 
apparatus 1300 into the newsection 1230 of the wellbore 1200. In a preferred 
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embodiment, the support member 1345 further includes one ormore conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1 300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 

10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1 375 that is coupled to the fluid passage 1 320. The wiper plug 1 350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 
latch-down plug modifled in accordance with the teachings of the present 

1 5 disclosure. In a preferred embodiment, the wiper plug 1 350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modified in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 

20 within the new section 1 230 of the weilbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparatus 1300 and to ensure that no foreign material interferes with the extrusion 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1330. The material 1380 then exits the apparatus 1300 via the fluid passage 
1335 and fills the annular region 1390 between the exterior of the tubular member 
1 3 1 0 and the interior wall of the new section 1 230 of the wellbore 1 200. Continued 
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pumping of the material 1380 causes the material 1380 to fill up at least a portion 

of the annular region 1 390. 

The materia] 1380 may be pumped into the annular region 1390 at pressures 

and now rates ranging, for example, from about 0 to 5000 psi and 0 to 1.500 
5 gallons/min. respectively. Inapreferredembodiment, the material 1380 is pumped 
into the annular region 1390 at pressures and flow rates ranging from about 0 to 
5000psiand0tol,500gallons/min.respectively.inordertooptimallyf.lltheannular 

regionbelweenthetubularmemberl310andthenewsectionl230ofthewellbore 

1200 with the hardenable fluidic sealing material 1380. 
10 -me hardenable fluidic sealing material 1 380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a prefened embodiment, the 
hardenable fluidic seaKng material 1380 comprises blended cements designed 
specificallyfortheweUsectionbeingdrilledandavailablefrom Halliburton Energy 

15 Sendees in ordertooptimallyprovide support for the tubular member 1310 during 
displacement of the material 1380 in the armular r^ion 1390. The optimum blend 
of the cement is preferably detemiined using com^entional empirical methods, 
-me annular tegionl390preferably is filled with themateriall380insufficient 

quantities to ensure that, upon ladlal expansion of the tubular member 1310. the 
20 annularregion 1 390 of the new section 1230 of the wellbore 1200 will be filled with 

material 1380. 

As illustrated in Fig. I Id. once the annular region 1390 has been adequately 
filled with material 1380. a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preferably pumped through the 
25 fluidpassagel320byanonhardenablenuidicmateriall381. The wiper dart 1395 

then preferably engages the wiper plug 1 350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 
wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1305. Thewiperdart 1395 and wiper plug 1350 then preferably 
30 wm lodge in the fluid passage 1330. thereby blocking fluid flow through the fluid 
passage 1330. and fluididy isolating the interior region 1370 of the tubular member 
1310from the annularregion 1390. Inaprefen^ed embodiment, the nonhaidenable 
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fluidic material 1381 is then pumped into the interior region 1370 causing the 
interior region 1370 to pressurize. Once the interior region 1370 becomes 
sufficiently pressurized, the tubular member 1 3 1 0 is extruded off of the expandable 
mandrel 1305. During the extrusion process, the expandable mandrel 1305 is raised 
5 out of the expanded portion of the tubular member 1310 by the support member 
1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location in 
a conventional manner. The. wiper dart 1395 may comprise any number of 

1 0 conventional commercially available devices from plugging a fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-dov^ plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the wiper dart 1 395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 

1 5 Cementer latch down plug 1 350. The three wiper latch-down plug is available from 
Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
dart 1 395, the non hardenable fluidic material 1 38 1 may be pumped into the interior 
region 1370 at pressures and flow rates ranging, for example, from approximately 

20 0 to 5000 psi and 0 to 1 ,500 gaUons/min in order to optimally extrude the tubular 
member 1310 off of the mandrel 1305. In this manner, the amount of hardenable 
fluidic materia] within the interior of the tubular member 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1 38 1 is preferably pumped into the interior region 1 370 

25 at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gaUons/min in order to optimally provide operating pressures to maintain the 
expansion process at rates sufficient to permit adjustments to be made in operating 
parameters during the extrusion process. 

For typical tubular members 1 3 1 0, the extrusion of the tubular member 1310 

30 off of the expandable mandrel 1305 will begin when the pressure of the interior 
region 1370 reaches, for example, approximately 500 to 9,000 psi. In a preferred 
embodiment, the extmsion of the tubular member 1310 off of the expandable 
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mandrel 1305 is a function of the tubular member diameter. waU thickness of the 
tubular member, geometry of the mandrel, the type of lubricant, the composition 
Of theshoe and tubular niember,andtheyieldstrengthoflhe tubular member. The 

optimum flow rate and operating pressures are preferably detemiined using 

5 conventional empirical methods. 

During the extmslon process, the expandable mandrel 1305 maybe raised 
out of the expanded portion of the tubular member 1310 at rales tanging, for 
example , from about 0 to 5 ft/sec . In a prefened embodiment, during the extmsion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 

10 of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide an efficient process, optimally pemnit operator adjustment of 
opeiaUon parameters, and ensure optimal completion of the extmsion process 

before curir^ of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
15 offoftheexpandablemandrell305,theoutersurfaceoftheupperendportionl355 

of the tubular member 1310 will preferably contact the interior surface of the lower 
end portion of the casing 1215 to forni an fluid Ught overlapping joint. Thecontact 
pressure of the overlapping jointmayrange. for example. fromapproximatelySOto 
20,000psi.lnapreferred embodiment, the contactpressure of the overiapping joint 

20 ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure sufficient to ensure annular sealing and provide enough resistance to 
withstand typical tensile and compressive loads. In a particularly prefenred 
embodiment, the sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overiapping joint. 

25 m a preferred embodiment, the opeiaUng pressure and flow rate of the non 

hardenablefluidic material 1381 is controUably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 131 0. In 
this manner, the sudden release of pressure caused by the complete extmsion of 
the tubular member 1310 offof the expandable mandrel 1305 can be minimized. 

30 m a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extmsion process 
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beginning when the mandrel 1 305 has completed approximately all but about 5 feel 
of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
5 pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
the upper end portion 1 355 of the tubular member 1 3 1 0 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extmsion process is completed, the expandable mandrel 1305 is 
1 0 removed from the v^ellbore 1 200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
overlapping joint between the upper portion 1 355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
15 member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1 31 0 is 
then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1 380 within 
20 the interior of the e;q5anded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing 1400 includes the e;q)anded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1315 using 
25 conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
formation has been described that includes installing a tubular liner and a mandrel 
in the borehole, A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel. The 
30 injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between the borehole and the exterior of the tubular liner, 
and a non hardenable fluidic material into an interior region of the tubular liner 
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below the mandrel. The method preferably includes fluididy isolating the annular 
region from the interior region before injecting the second quantity of the non 
hardenable sealing material into the interior region. The injecting the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 

5 ranging from about 0 to 5000 psi and 0 to 1,500 gallons/min. The injecting of the 
non hardenable fluidic material is preferably provided at operating pressures and 
flow rates ranging from about 500 to 9000 psi and 40 to 3,000 gallons/min. The 
injecting of the non hardenable fluidic material is preferably provided at reduced 
operating pressures and flow rates during an end portion of the extmding . The non 

10 hardenable fluidic material is preferably injected below the mandrel. Themethod 
preferably includes pressurizing a region of the tubular liner below the mandrel. 
The r^on of the tubular liner below the mandrel is preferably pressurized to 
pressures ranging from about 500 to 9.000 psi. The method preferably includes 
fluidicly isolating an interior region of the tubular liner from an exterior region of the 

15 tubularliner. The method fiirtherpreferably includes curing the hardenable sealing 
material, and removing at least a portion of the cured seaBng material located 
within the tubular liner. The method further preferably includes overlapping the 
tubular liner with an existing weDbore casing. Hie method further preferably 
includes sealing the overlap between Uie tubular liner and the existing wellbore 

20 casing. The mettiod further preferably includes supporting the extnided tubular 
liner using the overlap with the existing wellbore casing. The method further 
preferably includes testing the integrity of the seal in the overlap between the 
tubular liner and the existing wellbore casing. The method further preferably 
inchidesiemovingatleastaportlonofthehardenablefluidicsealing material within 

25 thetubularlinerbeforecuring. The method further preferably includes lubricating 
the surface of the mandrel. The method further preferably includes absorbing 
shock. The method further preferably includes catching the mandrel upon the 

completion of the extinding. 

An apparatus for creating a casing in a borehole located in a subterranean 
30 forniationhasbeendescribedttiatincludesasupportmember.amandreUtubuIar 

member, and a shoe. The support member includes a first fluid passage. The 
mandrel is coupled to the support member and includes a second fluid passage. 
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The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
5 pressure relief pass^e. The support member further preferably includes a shock 
absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material from entering an interior region of the tubular 
member. The mandrelis preferably expandable. The tubular member is preferably 
fabricated from materials selected from the group consisting of Oilfield Country 

10 Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The tubular 
member preferably has inner and outer diameters ranging from about 3 to 15.5 
inches and 3.5 to 16 inches, respectively. The tubular member preferably has a 
plastic yield point ranging from about 40,000 to 135,000 psi. The tubular member 
preferably includes one or more sealing members at an end portion. The tubular 

15 member preferably includes one or more pressure relief holes at an end portion. 
The tubular member preferably includes a catching member at an end portion for 
slov^ing down the mandrel. The shoe preferably includes an inlet port coupled to 
the third fluid passage, the inlet port adapted to receive a plug for blocking the inlet 
port. The shoe preferably is drillable. 

20 A method of joining a second tubular member to a first tubular member, the 
first tubular member having an inner diameter greater than an outer diameter of the 
second tubular member, has been described that includes positioning a mandrel 
within an interior region of the second tubular member, positioning the first and 
second tubular members in an overlapping relationship, pressurizing a portion of 

25 the interior region of the second tubular member; and extruding the second tubular 
member ofl' of the mandrel into engagement with the first tubular member The 
pressurizing of the portion of the interior region of the second tubular member is 
preferably provided at operating pressures ranging from about 500 to 9,000 psi. The 
pressurizing of the portion of the interior region of the second tubular member is 

30 preferably provided at reduced operating pressures during a latter portion of the 
extruding. The method further preferably includes sealing the overlap between the 
first and second tubular members. The method further preferably includes 
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supporting the extruded first tubular member using the overlap with the second 
tubularmember. The method furtherpreferably includes lubricating the surface of 

the mandrel. The method further preferably includes absorbing shock. 

A liner for use in creating a new secUon of wellbore casing in a subtenanean 

5 fomiaUon adjacent to an already existing section of wellbore casing has been 

described that includes an annular member. The annular member includes one or 

more sealing members at an end porUon of the annular member, and one or more 

pressure reUef passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 

10 annularbodyofacuredfluidicsealingmaterial. The tubular liner is fomned by the 

process of extmding the tubular liner off of a mandrel. The tubular liner is 
preferablyfonnedby the process ofplacing the tubular linerand mandrel withinthe 

wellbore.andpressurizing aninteriorportionof the tubularliner. The annular body 

of thecuredfluidic sealing material ispreferablyfomtedby the process of injecUng 

15 abody of hardenable fluidic sealing material into an annular region extemalof the 
tubular Uner. During the pressurizing, the interior portion of the tubular liner is 
preferably fluidiclyisolatedfromanexteriorportlon of the tubular liner. The interior 

portionof the tubular Unerispreferablypressurizedtopressures ranging fromabout 
500 to 9.000 psi. The tubular liner preferably overlaps with an existing wellbore 

20 casing. The wellbore casing preferably further includes a seal positioned in the 
overlap between the tubular liner and the existing wellbore casing. Tubular liner 
is preferably supported the overiap with the existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
borehole has been described that includes installing a tubular liner and a mandrel 

25 within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an Interior region of the tubular liner, and radially 
expanding the Uner in the borehole by extniding the liner off of the mandrel. In a 
preferred embodiment, the fluidic material is selected from the group consisting of 
slag mix, cement. drilUng mud. andepoxy.maprefenred embodiment, themethod 

30 further includes fluidicly isolating an interior region of the tubular liner from an 
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exterior region of the tubular liner. In a prefen-ed embodiment, the injecting of the 
body of fluidic material is provided at operating pressures and flow rates ranging 
from about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a prefenred 
embodiment, the injecting of the body of fluidic material is provided at reduced 
5 operating pressures and flow rates durir^ an end portion of the extruding. In a 
preferred embodiment, the fluidic material is injected below the mandrel. In a 
preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressures ranging from about 500 to 9,000 psi. In a 

10 prefened embodiment, the method further includes overiapping the tubular liner 
with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 

15 embodiment, the method further includes testing the integrity of the seal in the 
interface l>etween the tubular liner and the existir^ wellbore casing. In a preferred 
embodiment, method further includes lubricating the surface of the mandrel. In a 
preferred embodiment, the method further includes absorbing shock. In a 
preferred embodiment, the method further includes catching the mandrel upon the 

20 completion of the extmding. In a preferred embodiment, the method further 
includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been descrit^ed that 
includes a tubular liner and an annular body of a cured fluidic sealing material. The 
tubular liner is formed by the process of extruding the tubular liner off of a mandrel. 

25 The annular body of a cured fluidic sealing material is coupled to the tubular liner. 
In a preferred embodiment, the tubular liner is formed by the process of placing the 
tubular liner and mandrel within the wellbore, and pressurizing an interior portion 
of the tubular liner, in a prefened embodiment, during the pressurizing, the interior 
portion of the tubular liner is fluidicly isolated from an exterior portion of the tubular 

30 liner. In a preferred embodiment, the interior portion of the tubular liner is 
pressurized at pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the annular body of a cured fluidic sealing material is formed by the 
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process of injecting a body of hardenable fluidic sealing material into an annular 
region between the existing wellbore casing and the tubular liner. In a prefenred 
embodiment, the tubular liner overlaps with another existii^ weUbore casing. In 
a prefen-ed embodiment, the tie-back liner hirther includes a seal positioned in the 

5 overlap between the tubular liner and the other existing wellbore casing. In a 
preferred embodiment, hibular liner is supported by the overlap with the other 
existing weUbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 

10 support member includes a first fluid passage. The mandrel is coupled to the 
support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 

15 operably coupled to the second fluid pass^e, an interior portion, and an exterior 
portioa The interior portion ofthe shoe is drillable. Preferably, the interior portion 
of the mandrel inchidesahibular member andaload bearing member. Preferably, 
flie load bearing member comprises a drillable body. Preferably, the interior 
portion of the shoe includes a tubular member, and a load bearing member. 
Preferably, the load bearing member comprises a drillable body. Preferably, the 
exterior portion of the mandrel comprises an expansion cone. Preferabfy, the 
expansion cone is fabricated from materials selected from the group consisting of 
tool steel, titanium, and ceramic. Preferably, the expansion cone has a surface 
hardness ranging from about 58 to 62 Rockwell C. Preferably at least a portion of 
the apparatus is drillable. 

Although illustrative embodiments of tiie invention have been shown and 
described, a wide rar^e of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may be employed without a conespondir^ use of the other features. 
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Accordingly, it is appropriate that the appended claims be constnjed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. An apparatus; comprising: 
a wellbore; 

5 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
10 second wellbore casings: 

wherein the tie-back liner is coupled to the fxrst 
and second wellbore casings by the process of: 

extruding at least a portion of the tie-back liner 
off of a mandrel. 



15 



2. 



The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and mandrel within the 

20 wellbore; and 

pressurizing an interior portion of the tie-back 

liner. 

3 The apparatus of claim 2, wherein during the 
25 pressurizing, the interior portion of the tie-back 

liner is fluidicly isolated from an exterior portion of 
the tie-back liner. 

4 The apparatus of claim 2. wherein the interior 
30 portion of the tie-back liner is pressurized at 

pressures ranging from about 500 to S,000 psi. 

5 The apparatus of claim 1, further comprising: 
an annular body of a cured fluidic sealing 

35 material positioned within an annulus between the tie- 
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back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
material is formed by the process of: 

injecting a body of hardenable fluidic sealing 
material into the annulus between the tie-back liner 
and one of the first and second wellbore casings. 

6. The apparatus of claim 1, further comprising a 
seal positioned in the overlap between the tie-back 
liner and the first and second wellbore casings. 

7. Apparatus substantially as hereinbefore described 
with reference to any one of the accompanying drawings. 
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